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(54) Titter VIRTUAL ORTHODONTIC TREATMENT 
(57) Abstract 

A method for virtual orthodontic treatment is provided in 
which a virtual set of orthodontic components is associated, in 
a virtual space, with a first virtual three-dimensional image of 
teeth, and then by a set of rules which define the effect of the 
set of components' teeth,, the effect of the virtual treatment can be 
computed. This virtual treatment can be used to predict the results 
of a real-life orthodontic treatment as to design such a treatment. 
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VIRTUAL ORTHODONTIC TREATMENT 



FIELD AND BACKGROUND OF THE INVENTION 

The present invention is generally in the field of orthodontics. 
An orthodontic treatment has the objects of moving and reorienting 
teeth for both functional or aesthetic purposes. . In such a treatment, the orthodont 
5 places a variety, of orthodontic components on the teeth including brackets, which 
are firmly fixed to the teeth, and other components including wires, tensioning 
springs, etc., which apply forces and moments on the teeth, through the brackets, 
thereby causing the teeth to move. A major problem feeing the orthodont is to 
predict the final outcome of the orthodontic treatment. Another problem to focus 
TO is to define the proper placement of the brackets and to select the proper 
force-inducing components to best yield the desired outcome. Currently, the 
design and predicting of orthodontic treatment is based mainly on the orthodont's 
personal "look and feel" and prior experience skills. This approach is not only 
error prone but also varies from one individual to the other, which is obviously 
15 undesired. . 

There is accordingly a need in the art to provide the orthodont with 
a tool for visual demonstration, design or predicting of possible outcome of an 
orthodontic treatment. Provided by the invention are method and system therefor. 



WO 99/34747 



-2- 



PCML98/00593 



GENERAL DESCRIPTION OF THE INVENTION 

In the context of the present description and the appended claims, 
the term "movement" or "moving" refers to repositioning teeth, reorientating teeth, 
or both. The term "orthodontic treatment" refers to a treatment intended to move 
at least one tooth; namely, an orthodontic treatment should be understood as 
encompassing a procedure where all or only part of the teeth (e.g. teeth of one 
jaw, a group of teeth in a section of ajaW, etc.) are moved. Furthermore, the term 
"orthodontic treatment" refers both to a treatment intended to yield movement to 
reach a final, close to ideal outcome of the treatment as well as to an interim 
treatment yielding an interim position and orientation of the teeth. In other 
words, the term "orthodontic treatment" mentioned herein encompasses both a 
treatment from an initial stage, i.e. before the treatment began, through to a final 
stage; a treatment from an initial stage to an interim stage; as well as to a 
treatment from ail interim stage to another interim or final stage. 

The term Virtual treatment" (referred to also, occasionally as 
virtual orthodontic treatment) as used herein means an orthodontic treatment as 
simxilated on a computer. A virtual treatment may use virtual components (i.e. 
'component 1 in the virtual computer envfronment) such as brackets, wires, 
tensioning springs or rubber bands, corresponding to real components as used in a 
real life orthodontic treatment, but may also' use components which are not 
normally used in real-life treatment; and also components used in real-life 
treatment but are used in the virtual treatment in a different manner. Thus, for 
example, a virtual orthodontic treatment may use wires which are not normally 
used in a real life orthodontic treatment; may use wires of a cross-section other 
than such used in a real-life orthodontic treatment; may combine wires and 
brackets in a maimer whereby the brackets are biased towards a rotational 
movement around the axis of the wire which is usually not performed in a 
real-life orthodontic treatment; etc. It will therefore be understood that the result 
of virtual treatment is not necessarily the same as the actual real treatment. 
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In the following, a method and system for virtual treatment is 
disclosed. Manual systems may be used by an orthodont to examine various 
alternative treatment paradigms and compare them to one another so as to see 
which one will yield the best result. For example, the orthodont may compare a 
5 treatment where one or more teeth are extracted to another treatment where all 
teeth are left in tact In addition, the system and method of the invention may 
allow also the orthodont to select the orthodontic components which he will 
eventually use in the real-life treatment, to predict the course, time and cost of the 
treatment This will all be clarified from the disclosure below. 
10 It will also become clear from the following disclosure, the 

orthodontic treatment may be made to resemble a real-life orthodontic treatment, 
although not necessarily so, and occasionally, the orthodontic treatment may use 
components or may apply a set of rules which are not directly applicable to 
real-life treatment, 

15 The present invention provides, by one of its aspects, a method for 

' virtual orthodontic treatment, comprising: 

(a) providing a first virtual three-dimensional image indicative of a 
three-dimensional (3D) model of teeth from at least one jaw, the model being 
manipulable so as to allow its viewing from a desired direction; . 
20 (b) selecting a virtual set of orthodontic components, and associating 

the components with the teeth of said first image so as to obtain a second image 
of said 3D model with said components associated therewith; 

(c) using a set of rules, including at least one rule, defining the effect of 
said set of components on said teeth, computing the manner of movement of the 
25 teeth as a result of said effect, so as to obtain a third image comprising the teeth 
model following the virtual treatment. 

The set of orthodontic components selected in step (b) includes 
components which are capable of imparting movement between at least two teeth. 
For example, the set may include at least two brackets and a wire, may include 
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rubber bands or tensioning springs for forcing two teeth one against the other, etc. 
Typically, the set of orthodontic components includes for each jaw, typically, but 
not necessarily, about 5 to about 10 brackets in the case of a child's jaw, and 
between about 5 to about 16 in the case of an adult 5 s jaw. 

The set of orthodontic components may be represented as an image 
which is similar to the image of the real orthodontic component, as seen in real 
life. However, orthodontic component may also be represented by any other 
graphic representations. For example, the wire may be represented by a straight 
or curved line; a bracket may be represented by a rectangular frame, , etc. 

In accordance with some embodiments of the invention, the set of 
components includes brackets and a wire and the rule dictates that eventually all 
slots which receive die wire will be aligned with the wire where the latter is 
arranged as a spliried curve indicative of the desired result of the virtual treatment 
In other words, in this case the wire represents the desired results of alignment of 
all slots following the virtual treatment. Thus, by such an embodiment a 
component which represents a real-life component, i.e. a wire, is used in a 
different manner than in a real-life treatment in that it dictates the result of the 
treatment This embodiment thus illustrates a general principle" in some 
embodiments of the invention that while in a real-life treatment components act in 
combination to apply forces on teeth and the movement is a result of such applied 
forces, in a virtual treatment of the invention, the components may also dictate the 
final result. However, this does not exclude a possibility, in accordance with some 
other embodiments of the invention, where the movement of the teeth is dictated 
by forces and moments, which in this. case are the set of rules, which act on the 
teeth under influence of the different components. 

Thus, as will be appreciated, occasionally, the component and the 
set of rules may be associated with one another. Taking the previously illustrated 
embodiment as ah example, the component, which is a wire defining a splined 
curve, has with it an associated rule.dictating that the brackets, with the associated 
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teeth, should move, vertically, but possibly also horizontally, so that all brackets 
will eventually be positioned such that their respective slots are on the splined 
curve defined by the wire. In addition to the desired final result, the set of rules 
may also stipulate the computational algorithm defining the manner of movement 
5 of the teeth to yield said final result. . 

The set of rules may also allow, for example, the removal of the . 
tooth in certain circumstances. For example, in the case of crowdness, i.e. 
insufficient space for all teeth to assume an ideal position and orientation (a 
position and orientation such that the apex of all teeth are essentially on one 
10 splined curve), an interfering tooth may be removed. The removal may, by one 
embodiment, be automatic; by another embodiment, the user may decide in such 
a case which tooth is to be removed. 

As will be explained in greater detail below, the set of rules is not 
limited to a specific implementation. Thus, by way of example, the set of rules 
15 may be extracted frbm .a static set of rule database, or by way of another example 
from a dynamic learning database holding a rule base that may be adjusted 
depending upon e.g. various characteristics of the individual patient that 
undergoes the treatment 

The purpose of the virtual orthodontic treatment may be to change 
20 the relative orientation of the teeth, to chanjge a distance between the teeth, to alter 
the inter-occlusion of distance between teeth of opposite jaws, etc. 

In accordance with one example, where the teeth are such that they 
do not fill the entire space in a jaw (namely with an edge of one tooth being in 
proximity to a neighbouring tooth), the set of rules may also allow the addition of 
25 a tooth, which may, in the case of a child's jaw, represent a tooth which has not 
yet grown or, in the case of an adult's jaw, a crown which may be implanted in a 
real -ife treatment. 

Steps (b) and (c) may be repeated a plurality of times until 
obtaining a desired result of the virtual treatment In a repeated step (b), a 
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component already selected in a previous step may associated with the teeth 
model in a different manner, e.g. applying it on a different tooth, orienting it on a 
tooth in a different manner, etc.; or new components may be selected, e.g. new 
brackets, new rubber bands, a different wire; etc. 

The 3D teeth model may be of all teeth in a jaw, may be a model of 
teeth of both jaws, may be a model of part of the teeth of one or both jaws. 

The term "associating" as used herein denotes the entire range of 
combining orthodontic components with teeth and to typically (but not 
necessarily) in a manner that stimulates combination thereof in real life treatment. 
Typical* but not exclusive examples, being: attaching brackets to teeth at different 
positions or orientations; fixing a wire into the bracket's wire-receiving slot; 
sliding the bracket and the wire one with respect to another, changing the angle of 
the wire-receiving slot within the bracket so as to change the torque or moment 
between the wire and the bracket; fixing a tensioning spring or band around two 
adjacent teeth; etc. The wire chosen within the framework of Hie virtual 
treatment may have various geometries, e.g. straight or spline-curved, and various 
cross-sectional shapes, e.g. circular, oval, rectangular, etc. (usually to track the 
ideal curvature of the teeth arrangement in a jaw). 

In accordance with another aspect of the invention, there is 
provided a method for designing orthodontic treatment of teeth from at least one 
jaw, comprising: 

(a) providing a virtual three-dimensional image indicative of a 
three-dimensional model of the teeth in a manner allowing manipulation of the 
model for viewing the model from a desired direction; 

(b) selecting a virtual set of orthodontic components corresponding to 
those intended to be used in said orthodontic treatment and associating the 
components with the teeth of said first image so as to obtain a second image of 
said three-dimensional model with said components associated therewith in a 
manner representing the manner in which said components and the teeth may be 
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combined in said orthodontic treatment; 

(c) using a set of rules, including at least one rule, defining the manner 
in which said components affect movement of the teeth, so as to obtain a third 
image comprising the teeth model after movement of the teeth affected by said 
components; . . 

(d) repeating steps (a) and (c) until a desired third image is obtained, 
which desired third image represents a desired position and orientation of teeth 
Mowing the orthodontic treatment; ■ 

(e) recording said second image which yields, following step (c), the 
desired third image and using it as a basis for designing the orthodontic treatment. 

In addition to allowing a design of the treatment, the method in 
accordance with the second aspect may also be used to predict the length of the 
treatment as well as its costs. 

By a further aspect the present invention provides a system for a 
virtual orthodontic treatment, comprising: 

(3) storage means capable of storing a first virtual three-dimensional 
image indicative of a three-dimensional model of teeth of at least one, 
substantially entire jaw; 

(b) user interface for enabling selection of a virtual set of orthodontic 
components; s ' • . 

(c) processor capable of at least: . 

(cl) manipulating said three-dimensional model to allow its 
viewing from a desired direction, 

(c2) associating said set with the teeth of said first image to 
obtain a third image of said three-dimensional model with said 
components associated therewith, and 

(c3) applying a set of rules, including at least one rule, 
determining effect of said components on the teeth so as to cause 
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virtual movement of the teeth as a result of association with said 
components to obtain a third teeth model; and 

(d) display means for displaying the images. 

Regardless of the aspect under consideration, the generation of 
virtual three-dimensional image may he obtained, e.g. by following the technique 
described in PCT Publication No. WO 97/03622, the contents of which is 
incorporated herein by reference. 

By a still further aspect the present invention provides an apparatus 
having a memory which contains a digital image representing a three-dimensional 
teeth model following a virtual orthodontic treatment, which image was generated 
by any of the above methods. 

By a further aspect there is provided a memory for storing data for 
access by an application program, implementing the steps (b>(c) according to a 
method of each of the, above aspects; the application program being executed on a 
data processing system; the data representing a first virtual three-dimensional 
image, indicative of the three-dimensional model of teeth of one jaw. Also 
provided is a memory for storing data representing a second virtual 
three-dimensional image, obtained by implementing the above method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding, the invention will now be described by 
way of example only with reference to the annexed drawings in which: 

. Fig, 1 illustrates two components, a bracket and a wire, selectable by the 
user in a virtual treatment in accordance with one embodiment of the invention; 
Fig, 2 is a cross-sectional view along line M in Fig. 2; 
Fig. 3 is the same cross-sectional view as in Fig 2, after change in the slot 

angle; 

Fig. 4 illustrates one view of user interface, according to an embodiment 
of the invention; 
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Fig. 5A is a block diagram illustrating the manner of defining a brackets 
for use in the framework of virtual treatment in accordance with an embodiment 
of the invention; 

Figs. 5B-5D illustrate the brackets as viewed in various steps of the 
5 selection process; 

Fig. 6A is a block diagram illustrating the manner of defining a wire for 
use within the framework of a virtual treatment in accordance with an 
embodiment of the invention; 

Figs. 6B and Fig 6C illustrate the manner in which the wire is viewed in 
1 0 various steps of the process of Fig. 6a; 

Fig. 7 is a block diagram illustrating the manner of attaching the brackets 
onto teeth in the virtual treatment, in accordance with an embodiment of the 
invention; 

15 Fig. 8 is a block diagram illustrating the steps of matching wires to jaws 

and vertical movement of teeth to a position dictated by the wire; 

Fig. 9 is a block diagram illustrating the steps of horizontal movement of 
teeth in the case of crdwdness, Le. collision between teeth; . 

Fig. 10A is a block diagram illustrating the steps of matching wires to a 
20 jaw, in accordance with another embodiment of the invention, and movement of 
teeth as a result of virtual forces exerted by the wire or the teeth; and 

Fig. 10B and 10C illustrate the manner in which the association between 
the wire and the teeth is viewed in two steps of the process of Fig. 10A. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method and system for virtual 
movement of teeth using the framework or a set of rules from which is based in 
real life, although not necessarily identical. 
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In the following,, the invention may at times be described with a 
reference made to various physical entities, such as "jaw", "bracket\ "wire", 
"band", etc. It should, however, be understood that it implies, iti most cases, to a 
representation of these entities lhat is used in the virtual treatment There are 
some exceptions where reference is made to real physical objects, which feet may 
clearly be inferred based on the context 

Teeth movement in a virtual, computerized 3D environment for the 
purpose of planning an orthodontic treatment or for any other puipose, is a 
complicated task if this is being performed using hitherto known techniques. The 
use of techniques known to the orthodont from a real orthodontic treatment, 
simplifies this virtual orthodontic treatment: 

Hie virtual treatment may be required, at times, to allow the 
orthodont to determine a potential outcome of orthodontic treatment. For such a 
purpose, the virtual treatment need not necessarily follow a course to be followed 
by the real orthodontic treatment since the focus may be only on the final 
outcome, namely on the final position and orientation of the teeth following the 
treatment In such a treatment, the orthodont may utilize orthodontic components 
and combination between such components, even such not used in real life 
orthodontic treatment Examples are a selection of a wire with a different 
geometry than that used in real life or, change in the slot angle within the brackets 
so as to yield an angular moment on the teeth about the axis of the wire (see 
Fig. 3): 

If, 'however, a virtual treatment is intended to simulate the real 
treatment for the purpose of treatment design, preferably (but not necessarily), 
only orthodontic components which simulate those used in real life orthodontic 
treatment, will be used. 

In a typical yet not exclusive sequence of operation in virtual 
treatment, the user first selects brackets and places them at appropriate positions 
oh the surface of selected teeth, usually all teeth of the jaw. In most cases 
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brackets are placed on the buckal teeth surface; however, occasionally, in the 
virtual treatment brackets may alternatively or additionally be placed on lingual 
surfaces of the teeth (this may also be followed at times in real life orthodontic 
treatment). 

5 At a next step, the user may define the final desired distance 

between the teeth (the default is usually zero) and then selects an arch-wire from a 
library of such wires. The library may . include wires of different widths, different 
. cross-sectional shapes, and different geometries. Optionally, it is possible also to 
change the geometry of the selected wire, e.g. to make it to follow a tortous path 

10 in a vertical and/or a horizontal plane, etc. 

Thereafter, the wire may be associated with the teeth model, for 
example, by combining them with virtual brackets fitted on the teeth surface or by 
attaching them first to virtual anchoring molars, and then to virtual brackets, etc. 
The effect of the components on each tooth is thereafter computed by the system, 

15 basedonthe set of rales to defennine the outcome of the virtuial treatment 

If the virtual treatment uses components which simulate real-life 
components, once an optimal result of virtual treatment is reached, the 
parameters, namely the type of components which were used and the manner they 
were combined with one another and with the teeth model, may be recorded and 

20 this may then used to generate a prescription for the orthodontic treatment. Such 
a prescription may specify the type of components used, the exact position of 
each component, e.g. the position of the bracket on each tooth, etc. 

The virtual treatment may obviously also provide a tool to estimate 
the treatment length and costs. 

25 The invention will now be further illustrated with reference to 

some specific, non-limiting embodiments, with reference to the annexed 
drawings. 

Figs. 1-3 show examples of a set of components which can be. used 
in accordance with an embodiment of the invention. In this specific embodiment, 
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the components consist of a bracket 20 and wire 22 fixed on a surface of a 
tooth 24, of which only a portion thereof represented by a rectangle is seen. The 
user has freedom of choice of the exact position of attachment of the bracket 20 on 
the surface of the tooth 24 and also can slide wire 20 in a longitudinal axis within 
the receiving slot 26 of the bracket, as represented by the bi-directional arrow 28. 

The wire and the bracket may be associated with one another in 
different relative orientations. In the example shown in Figs. 1 and 2, the wire, 
which in this case has a rectangular cross-section, is received in a slot with walk 
parallel and normal to the tooth's surface. By some embodiments of the invention 
it is possible to change the angle of slot 26 about its central axis, as represented by 
arrow 30, in Fig. 2 to yield a state such as that shown in Fig. 3, wherein wire 22' 
has a different angular orientation, with respect to bracket 20', thereby applying a 
moment onto tooth 24\ 

Fig. 4 shows an example of an embodiment of one out of many 
possible variants of a user interface for realizing the initial component selection 
steps. The user can select the brackets from a library of brackets, and similarly 
can select wires, bands etc. from corresponding libraries. In addition, the user has 
the ability to determine the type of forces and their direction which will act on 
eachtooth. 

Fig. 5A illustrates the manner of defining a bracket for use in 
subsequent virtual treatment steps. In this process, the bracket is defined with 
respect to a relative; coordinate system to allow its subsequent association with the 
wire, thus defining a "SLOT* frame, of reference; (illustrated graphically in Figs. 
5B and 5C) as well as to define another coordinate system to facilitate attachment 
of the bracket to the teeth,, thus defining the "BOND" reference frame (illustrated 
graphically in Fig. 5D). 

Although the steps of bracket definition are typically carried once, 
while creating the bracket library, it may also be repeated prior to each virtual 
treatment step while selecting brackets for the treatment 
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Fig. 6 A illustrates the steps of choosing a Wire and defining it such 
that it can be subsequently used in the framework of virtual treatment A wire is 
selected, its initial curve is defined (illustrated graphically in Fig: 6B) and then the 
wife is placed in a relative coordinate system (illustrated graphically in Fig 6C), 
5 so as to define a "WIRE 7 frame of reference, for subsequent use. Obviously, as 
will be appreciated, the x-y-z coordinate system of the "WIRE 7 frame of 
reference should correspond to the x-y-z coordinate system of the "SLOT" 
reference frame. 

Fig. 7 illustrates the steps of attachment of a bracket onto a tooth. 

10 A teeth model is acquired, brackets are selected from the library and each bracket 
is placed on a tooth using the "BOND " reference frame, such that the z axis of the 
BOND frame of reference is perpendicular to the surface. Once the bracket is 
placed at the desired location, it is both fixed in this location and then the process 
is repeated a plurality of times in accordance with the number of brackets to be 

15 placed on the teeth. 

Fig. 8 illustrates the. steps of matching the. wires to the jaws. The 
wires are selected from a library, and placed so that their spline curve will match 
that of the jaw or their spline curve may at times be edited to amend it in 
accordance with fee particulars' parameters of the jaw in a particular teeth model. 

20 In the specific Example shown, the process is 'first performed for the upper jaw 
and then for the lower jaw, although it will be appreciated that this sequence may 
be altered, e.g. reversed, performed intermittently in the upper and lower jaws, etc. 

In this specific embodiment, the orientation and position of the wire 
dictates the final result, Le. final alignment of all slots in the bracket In other 

25 words, in this specific embodiment a set of rules applied in the virtual treatment 
includes, at minimum, a requirement for vertical realignment of the slots, and 
hence of the teeth to which they are attached, so that all slots will arrive to the 
wire. The set of rules also dictate how to accomplish this result Put differently, as 
a result of the virtual treatment, in the final orientation which will be accomplished 



WO 99/34747 



-14- 



PCT71L98/00593 



in the resulting teeth model, the wire will remain at the same position and the teeth 
displaced such that the wire snaps into the slots of the bracket This procedure is 
illustrated in Fig. 8 ., where the set of rules is dictated in blocks 81 and 82. 

Another set of rules which can be applied in case of collision 
between the teeth, i.e. in case of erowcmess. This is illustrated in Fig. 9 where the 
teeth are moved horizontally by sliding along the wire, to avoid such collision. 
The manner in which the virtual treatment is performed may allow also some user 
intervention. For example, the user can define some teeth which may have to 
remain stationary, and others which are allowed to move. Alternatively, the 
system may have a wider degree of freedom, to allow sideways movement of all 
teeth. As also illustrated in Fig. 9, it is possible in this process to provide the user 
with an additional degree of freedom, which involves changing the position and/or 
orientation of the bracket on the tooth surface! 

Fig. 10 illustrates another embodiment of teeth movement within 
the framework of k virtual treatment of the invention. As illustrated in Fig. 10A, 
wires are obtained, positioned in proximity of the jaw (Hlustrated graphically for 
the upper jaw in Fig. 10B), its shape edited so as to attach to the brackets on the 
teeth (illustrated graphically in Fig. 10C) and then the forces applied by the wire 
on the teeth are calculated and the final position of the teeth obtained can then be 
storied. •• 

The present invention has been described with a certain degree of 
particularity but it should be understood that various modifications and alterations 
may be made without departing from the scope or spirit of the invention as defined 
by the following claims: 
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CLAIMS: 

1. A method for virtual orthodontic treatment, comprising: 

(a) providing a first virtual three-dimensional image indicative of a 
5 three-dimensional (3D) model of teeth from at least one jaw, the model being 

manipulable so as to allow its viewing from a desired direction; 

(b) selecting a virtual set of orthodontic components, and associating 
the components with the teeth of said first image so as to obtain a second image 
of said 3D model with said components associated herewith; 

JO ( c ) using a set of rules, including at least one rule, defining the effect of 

said set of components on said teeth, computing the manner of movement of the 
teeth as a result of said effect, so as to obtain a third image comprising the teeth 
model following the virtual treatment 

2. A method according to Claim 1, wherein steps (b) and (c) are 
15 repeated a plurality of times until obtaining a desired result of the virtual 

treatment 

3. A method for designing an orthodontic treatment of teeth from at 
le^st one jaw, comprising: 

(a) providing a virtual three-dimensional image indicative, of a 
20 three-dimensional model of the teeth in a manner allowing manipulation of the 

model for viewing the mddel.from a desired direction; 

(b) selecting a virtual set of orthodontic components corresponding to 
those intended to be used in said orthodontic treatment and associating the 
components with the teeth of said first image so as to obtain a second image of 

25 said three-dimensional model with said components associated therewith in a 
manner representing the manner in which said components and the teeth may be 
combined in said orthodontic treatment; . 

(c) using a set of rules, including at least one rule, defining the manner 
in which said components affect movement of the teeth, so as to obtain a third 
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image comprising the teeth model after movement of the teeth affected by said 
components; 

(d) repeating steps (a) and (c) until a desired third image is obtained, 
which desired third image represents a desired position and orientation of teeth 
following the orthodontic treatment; - 

(e) recording said second image which yields, following step (c), the 
desired third image and using it as a basis for designing the orthodontic treatment 

4, A system for a virtual orthodontic treatment, comprising: 

(a) storage means capable of storing a first virtual three-dimensional 
image indicative of a three-dimensional., model of teeth of at least one, 
substantially entire jaw; 

(b) user interface for enabling selection of a virtual set of orthodontic 
components; • 

(c) processor capable of at least: 

(cl) manipulating said three-dimensional model to allow its 
viewing from a desired direction, 

(c2) associating said set with the teeth of said first image to obtain 
a third image of said three-dimensional model with said components 
associated therewith, and 

(c3) applying a set of rules, including at least one. rule, 
determining effect of said components on the teeth so as to cause 
virtual movement of the teeth as a result of association with said 
components to obtain a third teeth model; and 
(d) display means, for displaying the images. 

5, An apparatus having a memory which contains a digital image 
representing a three-dimensional teeth model following a virtual orthodontic 
treatment, which image is generated by the method of any one of Claims 1-3. 

6, A memory for storing data for access by an application program 
implementing the steps (b>(c) according to any one of Claims 1-3; the 
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application program being executed on a data processing system; the data 
representing a first three-dimensional image indicative of a three-dimensional. 
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INPUT BRACKET. 



PLACE XYZ COORDINATE SYSTEM 
(FRAME) AT THE CENTER OF GRAVITY OF 
THE WIRE SLOT OF THE BRACKET. 



ORIENT THE FRAME SUCH THAT X IS 
SEE 1 _ 1 ALONG THE SLOT AND Z POINTS OUT OF 
FJG.5Brl THE SLOT. IN THE DIRECTION OF THE 

INSERTIOF OF. THE WIRE. 



MOVE THE ORIGIN OF THE FRAME IN ITS 
-Z DIRECTION UNTIL TOUCHING THE 
BASE OF THE SLOT. 



DESIGNATE THE FRAME AS "SLOT" 



PLACE ANOTHER FRAME ON THE BACK 
SURFACE OF THE BRACKET AT THE CENTER 
OF GRAVITY OF THE BACK SURFACE. . 



SEE 
FIG.5C 



SEE 
FIG.5D 



ORIENT THE FRAME SUCH THAT X IS 
PARALLEL TO THE X OF "SLOT" AND Z 
PERPENDICULAR TO THE BACK SURFACE. 



I 



DESIGNATE THE FRAM E AS "BOND . 

V 



STORE THE BRACKET WITH "SLOT 
AND "BOND". 



FIG.5A 
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FIG.6B 
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DEFINE A SPLINE CURVE THAT 
GOES ALONG THE INNER SIDE 
OF THE WIRE FROM THE 
BEGINNING TO END. 



PLACE A FRAME AT THE CENTER 
OF GRAVITY OF SPLINE. 



SEE 
FIG.6C 



ORIENT THE FRAME SUCH THAT 
Z IS PERPENDICULAR TO THE 
PLANE AT WHICH THE WIRE LAYS 

AND X POINTS TOWARDS THE 
POINT BETWEEN THE TWO ENDS 
OF THE SPLINE. 



DESIGNATE THE FRAME 
AS "WIRE". 



STORE THE WIRE WITH "WIRE" 



FIG.6A 
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INPUT MOUTH MODEL 



REPEAT UNTIL GETTING 
ALL REQUIRED BRACKETS. 



GET BRACKET. 



I 



PLACE BRACKET ON A 
SELECTED TOOTH SUCH 
THAT "BOND" OF THE 
BRACKET IS ON THE 
BUCKLE SURFACE OF 
THE TOOTH AND Z OF 
"BOND" IS PERPENDICULAR 
TO THE SURFACE. 



ATTACH BRACKET 
TO TOOTH. 



1 ■ . 

GET UPPER WIRE. 

i 

PLACE WIRE RELATIVELY 
TO UPPER JAW. 

i 

GET LOWER WIRE. 
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PLACE WIRE RELATIVELY 
TO LOWER JAW. 



EDIT WIRES SHAPE 
ACCORDING TO DESIRED 
DENTAL ARCH FORMS. 
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REPEAT FOR ALL 

UPPER TEETH 

WITH BRAC KETS. 
_ 



SELECT FIRST UPPER 
TOOTH WITH BRACKET. 







CALCULATE POINT ON 
SPLINE OF UPPER WIRE 

FROM WHICH DISTANCE 
TO ORIGIN OF "SLOT" OF 

ATTACHED BRACKET TO 
TOOTH IS MINIMAL 



MOVE TOOTH SUCH THAT 
ORIGIN OF "SLOT" IS ON 
THE CALCULATED POINT, 
Z OF "SLOT" IS ON THE 
XY PLANE OF "WIRE" OF 
UPPER WIRE AND X OF 
"SLOT" TANGENTS THE 
SPLINE OF UPPER WIRE. 



81 



82 



SELECT NEXT UPPER 
TOOTH WITH BRACKET. 



REPEAT THE SAME 
PROCESS WITH LOWER 
TEETH AND WIRE. 
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DEFINE UPPER 
ANCHORED TEETH. 



REPEAT UNTIL 
DESIRED TEETH 
ARRANGEMENT 
IS OBTAINED. 



CHANGE WIRE SHAPE SUCH 
THAT ALL TEETH BUT 
ANCHORED ONES SLIDE ALONG 
WIRE SUCH THAT THERE IS NO 

COLLISION BETWEEN TEETH. 



CHANGE POSITION AND 
ORIENTATION OF BRACKET ON 
BUCCAL SURFACE. 



REPEAT THE SAME PROCESS 
FOR LOWER TEETH AND 
LOWER WIRE. 



STORE MODEL. 
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REPEAT UNTIL 
DESIRED TEETH 
MOVEMENT IS 
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FORCE WIRE INTO BRACKETS 
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AND ATTACH IT TO BRACKET. 
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GET LOWER WIRE. 



PLACE WIRE RELATIVELY 
TO LOWER JAW. 



FORCE WIRE INTO BRACKETS 
AND ATTACH IT TO BRACKET. 
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SELECT UPPER JAW. 
, ~ 1 ■ 



CALCULATE FORCES EXERTED 
BY THE WIRE ON EACH TOOTH. 



MOVE EACH TOOTH A SMALL 
INCREMENT CONSIDERING THE 

FORCES EXERTED BY THE 
- WIRE AND THE RESISTANCE 
OF THE TOOTH FOR MOVEMENT. 



REPEAT THE SAME PROCESS 
FOR LOWE R JAW. 

— 1 ■ • 



STORE MODEL 




FIG. IOC 



INTEL aTTONAL SEARCH REPORT 

' In ittonal Application No 

. . PCT/IL 98/00593 

CLASSIFICATION OF SUBJECT MATTER 



IPC 6 A61C7/00 A61C7/12 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
IPC 6 A61C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Bectronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with Indication, where appropriate, of the relevant passages 



WO 94 10935 A (0RMCO CORP) 26 May 1994 
see page 4, line 32-41 
see page. 5, line 39 - page 6, line 5 
see figures l f 6,7C-8F 



US 5 464 349 A (ANDREIKO CRAIG A 

7 November 19.95 

see column 5, line 48-60 

see figure 16 



ET AL) 



Relevant to claim No. 



1-6 



1-6 



j Furtnei> documents are Bsted m the continuation of box C. 



a 



Patent family members are listed in annex. 



* Special categories of cited documents : 

'A" document deflnirig the general state of the art which is not 
considered to be of particular relevance 

•E" earlier document but published on or.after the International 
flung date 

X" document which may throw doubts on priority clalmfs) or 
which » cited to establish the publication date of another 
citation or other special reason (aa specified) 

"0" document referring to an oral disclosure, use, exhfcition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed a 



T later document published after the intematlonal fiJing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•V document of particular relevance; the claimed invention . 
cannot be considered to involve an tnventive step when the 
document Is combined with ono or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of Ihe same patent family 



Date of the actual completion of the International search 



15 March 1999. 



Date of mailing ot the international search report 

24/03/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 6 Patentlaan 2 
NL-2280HVRijswiJk 
Tef. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Chabus, H 



Form PCT/ISA/210 (second *haet) (Juty 1992) 



INTEL. ATIONAL SEARCH REPORT 

Information on patent family members 



In atlonal Application No 

PCT/IL 98/00593 



Patent document 
cited in search report 


Piifctii^fltinri 
rlll/UuciUUii 

date 


Patent family 
members) 


ruDiication 
date 


WO 9410935 A 


26-05-1994 




COCOA TO 


A 


29-11-1994 








544/432 


A 


05-09-1995 






I iq 




A 

A 


03-10-1995 






us 


5431562 


A 


11-07-1995 






AU 


5598894 


A 


08-06-1994 






. EP 


0667753 


A 


23-08-1995 






OP 


8508174 


T 


03-09-1996 






US 


5683243 


A 


04-11-1997 






US 


5542842 


A 


06-08-1996 






US 


5474448 


A 


12-12-1995 






US 


5456600 


A 


10-10-1995 



US 5464349 A 07-11-1995 US 5533895 A 09-07-1996 



Form PCT/ISA/210 (patent family annex) (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ ^COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

/ 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



